The Boston-type craniosynostosis mutation MSX2 (P148H) results in enhanced susceptibility of MSX2 to ubiquitin-dependent degradation.
Boston-type craniosynostosis is caused by a single amino acid substitution, P148H, in the transcription factor MSX2. The increased binding affinity of MSX2 (P148H) to the response element has led many to hypothesize that the substitution is a gain-of-function mutation. However, there have been conflicting reports on the function of MSX2, and by extension, the nature of the P148H mutation remains unclear. In this study, we have examined the molecular mechanism of MSX2 function and the nature of the P148H mutation. During cranial suture closure of rodent, Msx2 expression was detected in the suture space. Overexpression of wild type MSX2 in mesenchymal cells stimulated cell proliferation and cyclin D1 expression, whereas P148H mutant did not. These results indicated that MSX2 is involved in maintaining the suture space by stimulating suture mesenchymal cell proliferation and that P148H is defective in this process. The protein levels of P148H were lower than wild type Msx2 (Msx2-WT), and pulse-chase experiments indicated that the mutant protein has a shorter half-life than the Msx2-WT protein. The ubiquitylation level of P148H was greater than that of Msx2-WT. The degradation of Msx2 was mediated by Praja1, and the P148H mutant was degraded more effectively than WT. The ubiquitylation of Msx2-WT was higher in the presence of Msx2 (P148H), which indicated that P148H functions as a dominant-negative mutant. Collectively, the primary function of MSX2 in suture closure is the induction of cell proliferation and suture maintenance, and the mutation results in an increased susceptibility of both wild type and mutant MSX2 to proteasomal degradation.